Bacteriological findings in 339 sinus secretions obtained by puncture were investigated in 238 young adult patients with acute maxillary sinusitis. Aerobic and anaerobic cultures were performed immediately. A total of 76% of the secretions were positive. The most common pathogens isolated were Haemophilus influenzae (50%), Streptococcus pneumoniae (19%), Streptococcus pyogenes (5%), and Branhamella catarrhalis (2%). Coagulasenegative staphylococci and Staphylococcus aureus were isolated in 8 and 1% of the specimens, respectively. The staphylococci were almost invariably present in low numbers and, therefore, probably represented nasal contamination. Other aerobic species were found only occasionally. Anaerobes were isolated in 5% of the secretions. In one-half of these, a low concentration of Propionibacterium acnes was the sole anaerobe that was found, and it was usually mixed with a facultative organism (suggestive of contamination with nasal flora). Only 2% of the sinuses were considered to have true anaerobic infections (high concentrations of several species typical of anaerobic infection), indicating that anaerobes are not a significant cause of acute maxillary sinusitis in a young adult population. The high recovery of H. influenza in this study indicates that aminopenicillins may be a more appropriate choice than conventional penicillin in the antimicrobial therapy of acute maxillary sinusitis (only 2 of 168 H. influenzae strains produced P-lactamase).
Upper respiratory tract infections may be complicated in 0.5 to 5% of cases by acute sinusitis (32) . Since adults experience, on average, two to three upper respiratory infections per year, sinusitis is a relatively common affliction (11) . Despite the frequency of infection, acute maxillary sinusitis (AMS) may be difficult to diagnose on clinical grounds only, since the main symptoms, malaise, tiredness, rhinitis, and fever, are also common in other respiratory infections (2, 11) .
Identification of acute purulent sinusitis is important, because the infection in a closed space carries a risk of complications and may warrant an active therapeutic approach, including drainage of secretions and administration of antimicrobial agents (2, 8, 19, 30) . Radiological examination is the most reliable method of diagnosing AMS and differentiating it from rhinitis (2, 12) . Aspiration is important for the demonstration of secretions in the sinus (2) and for the identification of the specific etiology by culture, which may be useful as a guide for antimicrobial therapy (1, 6) .
The etiology of acute purulent sinusitis is primarily bacterial. Streptococcus pneumoniae and Haemophilus influenzae are the main etiological agents and are present in over half of the cases of AMS (1, 6, 8, 11, 12, 17, 20, 21, 30) .
Lately, Branhamella catarrhalis has also been implicated as a pathogen in sinusitis (4, 5, 7, 33, 34) . Streptococcus pyogenes is a relatively uncommon pathogen in AMS, with frequencies of between 1 and 3% (1, 8, 11, 34) . The role of Staphylococcus aureus as a sinus pathogen is now considered almost insignificant since antral aspirates have replaced irrigation specimens for etiological diagnosis (1, 20) .
The role of anaerobes in chronic and dentogenic sinusitis is well established (10, 11, 28) , but their occurrence in AMS is less clear (3, 6, 19, 29, 31, 33, 34) .
The purpose of this study was to collect up-to-date information on the bacterial etiology of short-term AMS in a Department of the Central Military Hospital, Helsinki, between September 1983 and March 1986 for consultation and medical care. None of the patients had experienced symptoms for more than 3 weeks. AMS was clinically suspected in patients presenting with acute respiratory infection combined with symptoms and signs, including occurrence of nasal discharge, stuffiness, pain or sensation of pressure or fullness on maxillary sinus regions, and general symptoms such as fever and malaise. The diagnosis was confirmed by radiological examination performed at four conventional projections and at the tilted projection, when necessary. Only patients with abnormal sinus radiographs indicative or suggestive of air-fluid level (with or without mucosal thickening), full opacity of the sinus, or mucosal thickening (.6 mm) were included in the study (2) . Patients with a concomitant dental root canal infection suggesting dentogenic sinusitis were excluded. The patients had not received antimicrobial agents during the 2 weeks before the ear, nose, and throat examination or earlier for the present infection. Informed consent was obtained from the patients before the invasive procedures were performed.
Specimen collection. Altogether, 339 sinus secretion specimens were collected for bacteriological analysis by the methods used by Axelsson and Brorson (1) H. influenzae, Streptococcus pneumoniae, Streptococcus pyogenes, and B. catarrhalis were most often isolated in pure culture (72%); but sometimes they were isolated in combination with other pathogens (17%), and their quantity often (66%) exceeded 104 CFU/ml (Table 4 ). Infections with " Two sinuses contained anaerobes only (see Table 5 ). 28 29 " Two sinuses contained anaerobes only (see Table 5 ).
dual aerobic etiologies were encountered in 22 sinuses of 19 patients (8% of all of the patients DISCUSSION Many earlier studies dealing with the bacterial etiology of AMS have been compromised by technical problems, beginning from specimen collection to the final steps of identification of the organisms, especially the fastidious ones such as H. influenza and anaerobic bacteria (17, 20, 28) . Lystad et al. (20) have demonstrated that nasal contaminants like staphylococci are more often isolated from specimens obtained by irrigation than from those obtained by direct needle aspiration. Accordingly, needle aspiration was used in this study to obtain the specimens, and when it failed to yield a secretion, a small amount of physiological saline was injected through the original needle into the sinus and aspiration was repeated. Axelsson and Brorson (1) used the same methodology and found that the IA samples yielded fewer bacterial pathogens than the aspirates did. The difference in our results was less pronounced, although primary aspiration, in general, more often yielded a purulent secretion. However, direct puncture and aspiration does not always yield secretion, and then instillation of saline is necessary to obtain the often small volume of secretion (8, 11, 12) .
To study the role of anaerobic bacteria in infectious processes, prompt transport and processing of the specimens are essential (26) . The use of selective media along with nonselective ones, coupled with prolonged incubation, are among the critical prerequisites for success in the isolation of these organisms (16) . Techniques recommended by Sutter et al. (26) , including rapid transport of specimens, were used to isolate and identify anaerobic bacteria in this study. Enrichment in thioglycolate broth used to supplement direct plating yielded only nine more pathogens (Table 4) , but it seemed to enrich the coagulase-negative staphylococci, which probably were nasal contaminants. Our conclusion is that enrichment does not add much to the pathogen yield. Furthermore, it is difficult to evaluate the possible pathogenic role of bacteria that were initially present in low enough numbers to need enrichment for recovery.
Due to the different ways used to report the occurrence of bacterial species in patients with AMS, e.g., per patient (28) or per sinus (1, 3, 6, 8, 20, 29, 33) or per positive culture only (11, 12, 21) , it is often difficult to extract the pertinent etiological data. In the present study, we summarized our results (Table 3) and present the findings obtained by all these methods. Irrespective of the way of reporting, the trend remained identical.
In most studies of AMS, except those dealing with pediatric populations, the age range of the patients has been heterogeneic or not reported (1, 3, 6, 8, 11, 12, 19, 28 (1, 3, 11, 20, 28, 29) . Our patients were all symptomatic for less than 3 weeks, thus representing true acute infections.
In most studies of the bacteriology of AMS, Streptococcus pneumoniae has been the most commonly isolated pathogen. The actual frequencies have varied from between 20 and 40% (1, 3, 6, 11, 12, 17, 21, 30, 33, 34 (2) Haemophilus influenzae (3) 9-10 RA Propionibacterium acnes (2) Haemophilus influenzae (4), CNSf (1) iie RA Propionibacterium acnes (2) Haemophilus influenzae (4), CNS (1) 12 LIA Propionibacterium acnes (2) CNS (2) pneumoniae at 2104 CFU/ml. ' The left aspirate yielded H. influenza at 2104 CFU/ml.
f CNS, Coagulase-negative staphylococci. 9 The aspirates from the opposite sinuses were negative by culture.
Streptococcus pneumoniae (8, 20, 23) . van In recent studies (1, 8, 11, 12) , Streptococcus pyogenes has been reported in 1 to 3% of patients with sinusitis. Our results were somewhat higher (6%). However, the high isolation rate can be explained by three outbreaks that were observed during the study. (24) .
The low frequencies of Branhamella catarrhalis in the present study were similar to those seen in most other studies (1, 5, 6, 8) , and differed from the definitely higher isolation rates in children (33, 34) .
The frequency of Staphylococcus aureus isolations has decreased since aspiration replaced irrigation specimens for culture (1, 20) . It is a commonly held opinion that the presence of Staphylococcus aureus is often an indication of nasal contamination (1, 20) . Staphylococcus aureus is indeed common in the normal flora of the nose; in the study mentioned above (24), we found it in 34% of the subjects. In the present study, Staphylococcus aureus was recovered from only four patients, in one of whom it was probably the causative agent of sinusitis.
Coagulase-negative staphylococci are also common inhabitants of the nasal cavity. We isolated them in 79% of healthy subjects (24) . The number of coagulase-negative staphylococci in this study seems high (28 strains). However, they were cultivable by direct plating in only 8 cases, whereas the remaining 20 strains were detected after enrichment, and thus were present in small numbers only, which is suggestive of nasal contamination. This interpretation was also supported by the negative Gram-stained preparations (16a proportion (up to 52%) of patients with chronic or dentogenic sinusitis (10, 11, 28) . Their role in AMS is less clear, and reports of their frequency show wide variations (from 0 to 23%) (3, 6, 19, 29, 31, 33, 34) . The lowest isolation rates (0 and 1%) have been reported in children (33, 34 (19) have presented data on 30 selected cases of anaerobic sinusitis. Microaerophilic streptococci and anaerobic grampositive cocci predominated, followed by gram-positive, non-spore-forming rods, Bacteroides species, and fusobacteria. Quantitation of the findings was not performed, because the specimens were enriched in broth before they were plated. Because many of the published studies are missing data on the specific species and the quantity of the anaerobic bacteria isolated from patients with AMS, it is difficult to differentiate between probable nasal contaminants and anaerobes which might be true pathogens in the infection (6, 20, 28, 29) . For example, Propionibacterium acnes has been isolated from the nasal cavities of 74% and Peptostreptococcus magnus has been isolated from the nasal cavities of 4% of healthy subjects (24) . Accordingly, when these bacteria were recovered from sinus secretions in low numbers, they probably represent contamination (8) . On the other hand, a mixed polymicrobial flora is often characteristic of anaerobic infections (9) . Therefore, the pathogenic role of anaerobic bacteria is supported by their isolation in high quantities and the fact that they are accompanied by other anaerobes, and it is further enforced if the isolations include species such as Bacteroides fragilis and Bacteroides asaccharolyticus, which have known virulence factors, such as capsules.
In the present study we isolated anaerobes from only 8% of the patients with AMS. When we excluded al of the patients with Propionibacterium acnes as the sole anaerobic isolate (usually in quantities of 102 CFU/ml) and two patients with low quantities (102 CFU/ml) of Peptostreptococcus magnus and one patient with Bacteroides asaccharolyticus (102 CFU/ml) together with Propionibacterium acnes, only 2% (5 patients) of all our patients continued to be considered as having true anaerobic sinusitis. The species of bacteria in these patients was typical for anaerobic infections, and they were present in high quantities.
The low incidence of anaerobes in our patients is in accordance with the findings in children (33, 34) and may reflect a less complicated nature of short-term AMS in young individuals. The exclusion of patients with dentogenic sinusitis, which may not have been done in all previous studies, may also in part explain the lower isolation rate of anaerobes from our patients. We conclude that anaerobes are not a common cause of AMS in a young adult population.
Only a small fraction (0.8%) of the major aerobic pathogens (and 1.2% of H. influenza) isolated in this study from patients with AMS were g-lactamase producers. P-Lactamase production among Bacteroides species was much higher (five of seven isolates). Our findings are in accordance with the increased frequencies reported lately on n-lactamase production among anaerobic bacteria isolated from the respiratory tract (9, 13, 14, 27 ; H. R. Ingham, M. S. Sprott, and J. B. Selkon, Letter, Lancet ii:748, 1980). However, considering their overall low incidence in this patient group, they hardly pose a problem for the antimicrobial therapy of AMS.
The high incidence of H. influenzae found in the patients examined in this study has changed our therapeutic policy so that we no longer consider penicillin the drug of choice for the treatment of AMS, but prefer to administer aminopenicillins, provided that the patient is not allergic to them.
However, there is so far no need to abandon P-lactam drugs because of the low incidence of g-lactamase production.
